Seventy-four patients with rheumatic mitral stenosis were catheterized and hemodynamic and clinical significances of atrial fibrillation, pulmonary vascular resistance and left ventricular function were studied. These data were also compared to those in the 6 control cases.
ferential fiber shortening velocity (Vcf), and pressure-derived maximal contractile element velocity (Vmax grade of mitral valve narrowing,1),2) pulmonary vascular resistance has been cited as a determinant of cardiac function by Araujo and his associates,3) and was re-confirmed more recently by others.1),2),4) There are patients, however, who have severe symptoms despite their relatively large calculated mitral valve area and low pulmonary vascular resistance,5)-8) and also patients who do not show appreciable clinical improvement after apparently successful operation.8),9) Another factor, the so-called myocardial factor, has been, therefore, presumed to be working in such patients. Although this presumption has an indirect support from classical morphological observations of frequent myocardial involvement in rheumatic valve diseases, 10),11) the nature and real significance of such factor still remain to be established. Among the probable myocardial factors in work, significance of atrial function has been in controversy. In 1959, Fleming noted the association of atrial fibrillation with low cardiac output and left ventricular enlargement.8) Hemodynamic significance of atrial fibrillation was further claimed by Selzer, 2) and by Heidenreich and his colleagues,12) but its relation to cardiac performance and overall functional capacity of patients was judged to be relatively insignificant by others.1), 13), 14) Occasional observations of left ventricular enlargement on chest X-ray and left ventricular hypertrophy on EGG have suggested left ventricular involvement in rheumatic mitral stenosis for a long time. After introduction of left heart catheterization and angiocardiography as routine clinical examinations, various abnormalities were reported successively in the left ventricle with mitral stenosis. These included elevation of end-diastolic pressure ,15)-17) especially during exercise,15),161 decrease in diastolic compliance ,15), 18) 
MATERIALS AND METHODS
Seventy-four patients with predominant mitral stenosis were selected from the consecutive cases in which left heart catheterization was done in our laboratory. Only cases in which satisfactory left ventricular pressures were recorded were included in the study. An exception was a case in which the left ventricle was not reached, but a satisfactory cine left ventriculogram was taken by left atrial injection of dye. Cases with significant cardiovascular disease other than mitral stenosis were omitted. As a control, 6 cases with satisfactory left ventricular data were selected. Among them, 5 were considered to be normal after diagnostic catheterization and another had mild pulmonic stenosis of infundibular type.
Catheterization was done at the postabsorptive state under light sedation with phenobarbital or pethidine hydrochloride. Right side of the heart was reached with a no. 7F Cournand catheter. Left heart was catheterized either with the transseptal technic using a Brockenbrough catheter (57 cases) or with the retrograde technic using a pigtail catheter (17 cases). Left atrial pressure was substituted by pulmonary capillary wedge (PC) pressure when the transseptal technic was not tried, and aortic pressure was substituted by peripheral arterial pressure through a thin-walled Cournand needle when retrograde catheterization was omitted. Pressures in cases with atrial fibrillation were calculated as averages of 10 or more consecutive beats.
Cardiac output was measured by the direct Fick method, with a few exeption, in which indocyanine-green dye dilution method with an earpiece densitometer was used. Mitral valve area was calculated by a modified Gorlin formula,26) using the difference between left atrial or pulmonary capillary wedge mean pressure and measured left ventricular diastolic pressure as the mitral pressure gradient. Pulmonary vascular (arteriolar) resistance was expressed in arbitrary unit, by dividing pulmonary arterial-left atrial (or pulmonary capillary wedge) mean pressure difference (in mmHg) by cardiac index (in L/min/M2).
Left ventricular angiograms were taken in some of the cases, either on 16mm cine (48 frames per second) or on large roll (6 frames per second) films, in right anterior oblique (RAO), posteroanterior (PA), or left anterior oblique (LAO) projections. For opacification of the left ventricle, 40 to 60ml of sodium and methylglucamine salt of iodamide (86% Conlaxin-H) was injected into the left ventricle, left atrium or pulmonary artery under an appropriate pressure, so that the dye was injected within 2sec. Left ventricular volume and ejection fraction were determined on these films by adopting the single plane area-length method.27) 
RESULTS
Average values of hemodynamic parameters were shown in Table I for the total series, and individual data were shown for the 6 controls and 21 patients with mitral stenosis, in whom indices of left ventricular function were calculated (Table II) .
Mitral valve area:
Average calculated mitral valve area was significantly different between functional class I and class II patients (P<0.02), and between class II and class III patients (P<0.05, Fig.1 ).
The ranges of scatter were, however, widely overlapped among different classes of patients.
Atrial fibrillation: Incidence of atrial fibrillation in class I, II, and III patients was 1 out of 9 (11.1%), 22 out of 53 (42.5%), and 9 out of 12 (75.0%), respectively (Table I and Fig.1 ).
No patient with atrial fibrillation, when associated with a calculated mitral valve area less than 2cm2, was asymptomatic ( Fig.1) .
When average values of hemodynamic variables were compared between patients with and without atrial fibrillation, the former had lower cardiac index and higher oxygen extraction, pulmonary arterial systolic pressure, pulmonary arterial diastolic pressure, pulmonary vascular resistance, left ventricular end-diastolic pressure, and systemic arterial mean pressure than the latter, in the face of similar heart rate, right ventricular end-diastolic pressure, pulmonary arterial mean pressure, left atrial mean pressure, and left ventricular systolic pressure (Table I) . Calculated mitral valve area was not different significantly between cases with different modes of atrial contraction.
Cardiac index tended to be lower in cases with atrial fibrillation, throughout the range of left atrial mean pressure observed (Fig.2) . When cardiac index was plotted against the calculated mitral valve area, there was a linear correlation between them as was expected from the form of the equation used for calculation of the latter. Different regression lines could be drawn, however, for cases with regular sinus rhythm and for cases with atrial fibrillation (Fig.3) . The difference between the 2 regression lines was significant (P< 0.05). Lower cardiac index associated with atrial fibrillation was a reflection of higher oxygen extraction relative to the calculated mitral valve area (Fig. Average hemodynamic values in the 6 control cases (C), 42 cases with mitral stenosis in regular sinus rhythm (MS-RSR) and 32 cases with mitral stenosis in atrial fibrillation (MS-AF) are shown. In 4 patients in whom the calculated mitral valve area exceeded 4cm2, the value was approximated by 4.0cm2, since large errors were expected in the measurement of mitral pressure gradient and in the subsequent calculation with the Gorlin formula. Similarly, in 8 patients, in whom left atrial mean pressure equalled or exceeded the non-simultaneous pulmonary artery mean pressure , pulmonary vascular resistance was approximated by zero. See text for detail. Abbreviations are as follows. HR: heart rate. CI: cardiac index. RV: right ventricle. PA: pulmonary artery. LA: left atrium. LV: left ventricle. SA: systemic artery. SP: peak systolic pressure . DP: diastolic pressure. mP: mean pressure. EDP: end-diastolic pressure. PVR: pulmonary vascular resistance. MVA: mitral valve area. 4 ). The near-hyperbolic relation between left atrial mean pressure and the calculated mitral valve area was not influenced by the presence of atrial fibrillation (Fig.5) . Cardiac index (CI) plotted against left atrial mean pressure (LAmP). There was no correlation between them, either in regular sinus rhythm (open circles) or in atrial fibrillation (closed circles). Cardiac index tended to be lower in cases with atrial fibrillation than in cases without, throughout the range of left atrial pressure. Fig.3 .
Correlation between the calculated mitral valve area (MVA) and cardiac index (CI). Cases with calculated mitral valve area larger than 4cm2 were omitted. Linear correlation was present either in cases with regular sinus rhythm (RSR, open circles and a full regression line) or in cases with atrial fibrillation (AF, closed circles and a broken regression line). Cardiac index tended to be lower in cases with atrial fibrillation than in cases with regular sinus rhythm, throughout the range of mitral valve area observed. The difference between the 2 regression lines was significant (P<0.05). A curvilinear relation was suggested between mitral valve area (MVA) and pulmonary vascular resistance (PVR) in cases with regular sinus rhythm (open circles). In patients with atrial fibrillation, however, the relation was obscure. Average pulmonary vascular resistance was higher in cases with atrial fibrillation than in cases with regular sinus rhythm in the range of mitral valve area between 1 and 3cm2 (P<0.01). The relation between mitral valve area (MVA) and cardiac index (CI) was not influenced by level of pulmonary vascular resistance (PVR) systematically. Open circles show cases with lower, and closed circles show cases with higher pulmonary vascular resistance . Only patients with atrial fibrillation were included in the figure.
Pulmonary vascular resistance:
The average pulmonary vascular resistance was increased in parallel to the decrease in functional capacity, and the value in class III patients was significantly higher than that in class II (P<0.01) or in class I patients (P< 0.01) (Fig.6) . The combination of pulmonary vascular resistance with mitral valve area, however, did not separate patients with different functional classes clearly (Fig.1, right panel) .
In patients with regular sinus rhythm, pulmonary vascular resistance tended to follow a hyperbola-like relation to the calculated mitral valve area, and the resistance values higher than 4 units were seen exclusively in cases with less than 1cm2 valve area (Fig.7) . Average resistance value in this valve area range was significantly higher than that in the range of 1 to 2cm2 valve area (P<0.01). On the contrary, cases with atrial fibrillation did not show significant difference in pulmonary vascular resistance between different ranges of mitral valve area. In the range of mitral valve area between 1 and 3cm2, average pulmonary vascular resistance was higher in cases with atrial fibrillation than in cases with regular sinus rhythm (P<0.01). Pulmonary vascular resistance in cases with atrial fibrillation tended to be high throughout the range of left atrial mean pressure observed (Fig.8) . There was no correlation between pulmonary vascular resistance and left atrial mean pressure. The relation between cardiac index and mitral valve area was apparently not influenced by the presence of elevated pulmonary vascular resistance in cases with atrial fibrillation (Fig.9 ).
Left ventricular end-diastolic pressure: Average left ventricular end-diastolic pressure was not different significantly among patients in different functional classes (Fig.10, left panel) . Its combination with mitral valve area also did not distinguish patients with different functional capacity effectively (Fig.10, right panel) . The relation between mitral valve area and cardiac index was not influenced systematically by left ventricular end-diastolic pressure (Fig.11) .
Left ventricular enddiastolic pressure did not correlate to mitral valve area (Fig.12) or right ventricular end-diastolic pressure (Fig.13 ).
There were, however, 6 cases with abnormally high (exceeding 13mmHg) left ventricular end-diastolic pressures. Three of them were in functional class III and 3 others were in class II (Fig.10) . Cardiac index was less than 3L/min/M2 in 3 of them and oxygen extraction exceeded 25% in 5. All the 6 cases had mitral valve areas less than 2cm2 and 5 of them had atrial fibrillation. Other parameters of left ventricular function: As is shown in Table II , left ventricular end-diastolic volume index exceeded 100ml/M2 in 4 out of 15 cases, left ventricular ejection fraction was below 50% in 5 out of 15 cases, cineangiographically measured mean circumferential fiber shortening velocity (Vcf) was below the lowest observed control value in 3 out of 11 cases, and Vmax derived from pressure tracing was below our normal limit of 2.0 circumference/sec in 7 out of 13 cases.
In patients with abnormally large left ventricular end-diastolic volume, 2 out of 4 (50%) were in functional class III, while only 2 out of the 11 (18%) cases with normal ventricular size were in this functional class. Incidence of functional class III patients was not remarkably different whether the other 3 parameters were normal or abnormal.
Left ventricular end-diastolic volume correlated to cardiac index. The 4 Left ventricular end-diastolic pressure (LVEDP) did not show correlation to mitral valve area (MVA). Although there was a wide overlap, average end-diastolic pressure was significantly higher in cases with atrial fibrillation (AF, closed circles) than in those with regular sinus rhythm (RSR, open circles) (P<0.02). There was no correlation between right and left ventricular end-diastolic pressures (RVEDP and LVEDP, respectively). The elevated left ventricular end-diastolic pressure in a few cases was associated with either high or normal right ventricular end-diastolic pressure.
patients with abnormally large left ventricle had a lower average cardiac index than the 11 patients with normal left ventricular volume (P<0.05, Fig.14) . The 5 patients with decreased ejection fraction had a lower average cardiac index than in the control group (P<0.05), and no one had a cardiac index higher than 4L/min/M2 (Fig.14) . Cardiac index scattered widely in patients with normal ejection fraction, and the average value was not different significantly from that in the control cases. Vcf and Vmax did not correlate to cardiac index in our subjects. Neither one of these volume and velocity parameters correlated to mitral valve area or left atrial pressure.
DISCUSSION
As is well known, grade of mitral valve narrowing is not the sole deter-Jap. Heart J. March, 1975 Individual data are shown in the 6 control cases and the 21 cases with mitral stenosis (MS), in which various parameters of left ventricular function were obtained. function has been shown more recently.13)-25) Their relative significance is, however, still in debate for atrial fibrillation,1),13),14) and is only partially known for left ventricular function.9),19), 24) In the present study, the calculated mitral valve area correlated to the functional capacity (Fig.1) , cardiac index (Fig.2) , oxygen extraction (Fig.3) , and left atrial mean pressure (Fig.4) , as was observed previously by others.1)
Atrial fibrillation apparently modified the patient's functional capacity. All patients with their mitral valve areas less than 2.0cm2 were symptomatic, Patients with abnormally low (less than 50%) ejection fraction (LVEF) had a significantly lower average cardiac index than in the control cases (P<0.05) and no one in this group had a cardiac index higher than 4L/min/M2.
In patients with normal ejection fraction, cardiac index scattered in a wide range, and the average value was not different significantly from that in the control group.
when associated with atrial fibrillation, and some of the patients with unproportionately severe symptoms relative to mitral valve area had this arrhythmia (Fig.1) . Significance of atrial fibrillation was further suggested by its association with systematically lower cardiac index and higher oxygen extraction relative to left atrial pressure or the calculated mitral valve area than in regular sinus rhythm (Figs.2-4) .
If the 2 regression lines in Fig.3 were taken as representatives of patients with and without atrial fibrillation, respectively, cardiac index was lower by approximately 20% in atrial fibrillation than in regular sinus rhythm throughout the range of mitral valve area observed. This agrees to Selzer's observation of lower cardiac output in this arrhythmia2) and to Dubin's observation of decrease in cardiac output after appearance of atrial fibrillation in individual cases,30) and doesn't support the view that atrial fibrillation is not the major determinant of cardiac performance in mitral stenosis.1),13),14) Contrary to the systematic difference in cardiac index, relation between the calculated mitral valve area and left atrial mean pressure was not influenced by the presence of atrial fibrillation (Fig.5) . This is different from the earlier observation by Selzer,2) that pulmonary capillary wedge pressure was lower in cases with this arrhythmia.
It is known that an appropriately timed atrial contraction increases stroke volume by 10 to 15% in complete heart block.31) It is also known, however, that contribution of atrial contraction to ventricular filling and stroke volume is minimal in severe mitral stenosis.13),18),32),33) The observed association of atrial fibrillation with decreased functional capacity and cardiac index is, therefore, not necessarily due to lack of effective atrial contraction in these patients. The difference in average left ventricular end-diastolic pressure between cases with and without atrial fibrillation is interesting in this regard (Table I) . In atrial fibrillation, left ventricular end-diastolic pressure was higher and cardiac index was lower, on average, than in regular sinus rhythm, while average heart rate and average left ventricular systolic pressure were similar in both modes of atrial contraction.
Although average aortic mean pressure was higher in cases with atrial fibrillation than in cases with regular sinus rhythm, the difference was unlikely to be a cause of different left ventricular function, since average left ventricular systolic pressure was similar in both cardiac rhythms. Moreover, the aortic pressure was measured in only a part of the subjects. These observations suggest a tendency of more decreased left ventricular function in atrial fibrillation than in regular sinus rhythm in patients with rheumatic mitral stenosis.
Although average pulmonary vascular resistance correlated to functional capacity (Fig.6 ), higher pulmonary vascular resistance tended to be associated with smaller mitral valve area and atrial fibrillation (Fig.7) , and systematic influence of pulmonary vascular resistance, per se, on the functional capacity ( Fig.1) and cardiac index (Fig.9) could not be shown. This doesn't, however, deny the possible significance of pulmonary vascular resistance as a determinant of clinical state,1),3) especially in some individual cases. 36) Left ventricular end-diastolic pressure, too, did not show systematic relation to the functional capacity and cardiac index (Figs.10 & 11 ). There were, however, occasional patients with elevated left ventricular end-diastolic pressure, as was reported previously by others.15)-17) These patients tended to have severely decreased functional capacity and cardiac index. Abnormal left ventricular function may be a significant determinant of clinical state in such individual cases.
Although right ventricular pressure overload was common in patients with mitral stenosis, and right ventricular distension is known to influence left ventricular pressure-volume relation,34) the elevated left ventricular enddiastolic pressure in our 6 patients was seen either with or without elevated right ventricular end-diastolic pressure (Fig.13) .
Contribution of left ventricular abnormality as a determinant of clinical state in mitral stenosis was suggested also through the studies on end-diastolic volume and ejection fraction (Fig.14) . Abnormally low values in Vcf were seen occasionally, and those in Vmax were seen frequently. Aside from these indices of left ventricular function described in this article, asynergic left ventricular wall motion was seen very frequently and will be reported in a sister paper.35) These variable expressions of left ventricular abnormality in different individuals within the limited number of cases did not allow us more precise judgement of the role played by left ventricular function in determining clinical severity of rheumatic mitral stenosis.
In conclusion, grade of mitral valve stenosis was not a sole determinant of clinical severity in rheumatic mitral stenosis. Among other factors tested, atrial fibrillation had a systematic influence on clinical state, independently from the effect of valve lesion. It is still uncertain, however, whether the influence of atrial fibrillation is due to the lack of effective atrial contraction or to its frequent association with left ventricular abnormality. Other factors were apparently also important in determining patient's clinical state, since consideration of mitral valve area and mode of atrial contraction was not sufficient to distinguish cases with different clinical severity. Pulmonary vascular resistance and left ventricular function might play their roles in various weights and in various combinations in each individual patients.
